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Parenting involves a tradeoff between self-maintenance and 
the allocation of resources to offspring. Oxidative damage 
is thought to be one way that the energetic cost of parenting 
is conferred. 
We measured lipid peroxidation (LPO) and catalase activity 
in a population of wild seabirds– black guillemots (Cepphys 
grylle)– during the breeding season, in order to investigate 
oxidative damage in parenting birds.  
Our results demonstrate a positive relationship between 
catalase activity and LPO.  They also suggest that 
intracellular antioxidant activity is capable of responding to 
increased damage loads, and that breeding individuals in 
better body condition experience higher levels of oxidative 
damage.
Parents in better body condition 
experience higher levels of oxidative damage
Predictions
Methods
Acknowledgments
• Catalase is an enzymatic antioxidant that converts the reactive oxygen 
species H2O2 to water and O2.  LPO is a measure of the damage done by 
reactive oxygen species to the cell– specifically to lipids.  We predict that 
catalase and LPO will be positively correlated.
• Individuals in poorer body condition might show high levels of oxidative 
damage due to decreased ability to scavenge reactive oxygen species. 
Alternatively, we might see higher levels of oxidative damage in 
individuals in good body condition due to their increased fitness or 
accelerated metabolic rate.
In July 2006 we captured adult black guillemots (Cepphus grylle) on their 
nests around the perimeter of Kent Island, a wildlife preserve and research 
station in New Brunswick, Canada. We collected 300-500uL blood samples 
from the brachial vein using heparinized tubes.  We removed the plasma 
after a six minute centrifugation at 1000xg, and then added 1mL storage 
buffer (90%FBS 10%DMSO) to the erythrocytes, and stored plasma and 
erythrocytes at -20ºC until used.
Catalase activity was measured in triplicate with the Catalase Assay Kit 
(Cayman, Ann Arbor, MI).  As catalase forms formaldehyde by peroxidating 
methanol, this kit determines catalase activity by spectrophotometrically 
measuring the concentration of formaldehyde synthesized in an H2O2-ideal 
reaction.  We measured the activity of catalase in 20uL of a 1:10 dilution of 
erythrocyte lysate, using Purpald as a chromagen.
LPO was measured in triplicate with the BIOXYTECH LPO-586 kit 
(OxisResearch, Portland, OR) according to the MDA+HAE procedure, 
which we adapted for 96-well plates. We combined lysed erythrocytes with 
methanesulfonic acid, which caused malondialdehyde (MDA) and 4-
hydroxyalkenals (HAE) formed by unstable lipid peroxides to generate a 
chromophore that we quantified by spectrophotometric analysis at 586nm.  
Variation in LPO level is predicted by body 
condition and date of year (multiple regression 
analysis: R2=0.80, P=0.0001).  
Future Work
Lipid peroxidation is only one of the ways in which oxidative 
damage manifests itself in cells. To build a stronger case for the 
correlation between body size and oxidative damage level, future 
studies should analyze the effect of reactive oxygen species on 
other biomacromolecules.  Our lab plans to study the same blood 
samples analyzed in this study using the COMET assay, which 
measures DNA breakage as in indicator of oxidative damage. 
We are also currently investigating the possibility that the 
redness of guillemot feet is an honest signal of oxidative stress 
mediated by carotenoid levels.  Preliminary data suggest that there 
might be a relationship between redness of foot and LPO level.
Thanks to my lab partner, Lina Moe, who shared equally in performing the LPO and catalase tests 
among other things.  Bob Mauck and Mark Haussmann were crucial mentors in many respects.  
Madeline Pott (Bowdoin College) pioneered the tagging of guillemot nests and was my partner in 
catching and bleeding the adult birds.  Thanks also to Jenni Zangmeister, Jesse Rickard, and Jack 
Cercharia for assistance with blood processing and handling.  This project was funded by the 
HHMI Summer Science Scholars grant, NSF Grant #0516784, and made possible by the Bowdoin 
Scientific Station at Kent Island and the Kenyon College Department of Biology.
Catalase positively correlates with LPO
Catalase and LPO correlate
with date of year
o Catalase is known to be a scavenger of reactive 
oxygen species (specifically H2O2), but it is unclear 
whether catalase production is upregulated in 
response to concentration of reactive oxygen species 
or some other signal. Our results may provide 
evidence for the existence of an upregulation 
pathway.
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We found that LPO level positively correlates with catalase 
activity (multiple regression analysis: R2=0.43, P=0.05).  This 
result supports Prediction 1; if more damage (LPO) is 
observed in cells, there are theoretically more reactive oxygen 
species present, so antioxidant scavenging (catalase) should 
accelerate to maintain homeostasis. 
For all data, LPO level indicates [MDA+HAE] (μM) as inferred from 
A586 values. Catalase activity indicates units of catalase: one unit causes 
the formation of 1.0nmol formaldehyde per minute at 25ºC.  
Predictions
o Environmental factors might also be responsible for changes in LPO and catalase over time.  If 
changes in levels of carotenoids (a dietary antioxidant) correlate with changes in LPO and catalase, 
then changes in food availability over the collection period could help explain this result. 
o Additionally, this finding may be due in part to sample bias. Birds caught more easily (at an earlier 
date) have more oxidative damage.  This implies a potential behavioral link between oxidative 
damage level and sensitivity to predation risk.
Body Condition
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Vaughn and Pott capture a guillemot in 
a debris nest.  Photo: M.Haussmann Adult black guillemot. 
Photo: R.Mauck
Redness of guillemot feet may be used in mate selection as 
an honest signal of individual quality.  We are currently 
quantifying foot redness using digital photographs of guillemot 
feet taken on Kent Island.  Photos: left, M.Haussmann; right, 
E.Vaughn & M.Pott
Overview
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This study has been useful in the development of a new research 
project in our lab: study of plumage and beak redness as a 
carotenoid-mediated honest signal in cardinals.  We are particularly 
interested in whether redness correlates to the size of growth bars 
(see J. Zangmeister’s poster for background on ptilochronology) 
and different measures of oxidative stress.
o Because accelerated metabolic rates generate more 
reactive oxygen species, individuals in good body 
condition may actually be costly to parents in terms 
of oxidative damage. 
Alternatively, parents in better body condition may 
be simply more fit, and thus able to withstand greater 
damage loads.
Over the eleven-day sample collection period, LPO 
levels decreased and catalase activity increased. 
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